Furthermore, PI(4,5)P 2 was reported to be required for 1985). A major phosphoinositide species involved in endocytosis in broken cell preparations (Jost et al., these changes is phosphatidylinositol-(4,5)-bisphos-1998). Taken together, these observations suggest a phate, PI(4,5)P 2 . PI(4,5)P 2 is a substrate for phospholicritical role for PI(4,5)P 2 in the nucleation and stabilizapase C, which cleaves it into the second messengers tion of clathrin coats at the synapse. PI(3,4,5)P 3 may diacylglycerol and Ins(1,4,5)P 3 , as well as for PI(4,5)P 2 -also synergize with PI(4,5)P 2 in some of these effects kinases and PI(4,5)P 2 -phosphatases that generate other actin pool in endocytosis remains unclear, its regulation by phosphoinositides may represent an additional mechanism of control for presynaptic function and synaptic vesicle traffic. Strong physiological evidence for these putative roles of PI(4,5)P 2 at the presynapse came from the identification and characterization of a polyphosphoinositide phosphatase concentrated at nerve terminals, synaptojanin 1 (McPherson et al., 1996) . Synaptojanin 1 dephosphorylates PI(4,5)P 2 (in addition to other inositides) and acts as a negative regulator of coat-membrane and actin-membrane interactions. Genetic deletion of this enzyme in mice and C. elegans, or acute disruption of its function by microinjection at a giant synapse, result in an increase of the number of clathrin coats and in a hypertrophy of the actin cytoskeleton at endocytic zones ( We also analyzed the relative contribution of PIPKI␥ to total cytosolic PIP kinase activity in brain because family may be responsible for the generation of the PI(4,5)P 2 pool implicated in clathrin-mediated endocytoan enzyme that participates in membrane traffic at the synapse is expected to be a major brain enzyme. Liposis at the synapse. PIPKIs prefer PI ( Figure 4A ). PI(4)P was the preferred substrate, detectable reaction product was PI(4,5)P 2 , reflecting both the relative high abundance of PI(4)P in such exyielding exclusively PI(4,5)P 2 . PI(3)P and PI(3,4)P 2 could also function as substrates, but with much lower effitracts as well as the strong preference of PIPKI␥ for PI(4)P (Anderson et al., 1999) ( Figure 4B ). Incubation of ciency. PI(3,4)P 2 yielded PI(3,4,5)P 3 , while PI(3)P yielded multiple products, namely PI(3,5)P 2 , PI(3,4)P 2 , and brain cytosol instead of purified PIPKI␥ with the same Figure 6C, a and b) . In these preparations, the immunogold sparse among synaptic vesicles The results reported in this study provide evidence for an important role of PI(4,5)P 2 in the regulation of presyndownward shift of the upper bands. A similar effect was observed for amphiphysin 1 as expected. PIPKI␥ bands aptic function. A stimulation-dependent increase in phosphoinositide metabolism at synapses has been could be collapsed primarily into one band after treatment of the extracts with calf intestinal phosphatase known for several decades. This effect has recently been clearly linked, at least in part, to a direct regulation of (CIP), proving that the heterogeneous motility of the protein is due to phosphorylation ( Figure 7A) . As in the the nerve terminal cytoskeleton and membrane traffic by inositol phospholipids. case of amphiphysin 1 (Bauerfeind et al., 1997) , the decrease in the amount of phosphorylated kinase was de-
The PIP kinase investigated here represents a major the PH domain of PLC␦ as a reporter, indicating that the bulk of PI(4,5)P 2 is at the plasma membrane (Stauffer et al., 1998; Varnai and Balla, 1998; Holz et al., 2000). It also agrees with a previous study reporting the enrichment of a PI(4)P 5-kinase activity on the plasma membrane but not on synaptic vesicles (Wiedemann et al., 1998) . It raises the questions of which may be the origin of the PI(4)P, which serves as a substrate for the kinase. Two potential sources of PI(4)P, synaptic vesicles and the plasma membrane, have to be considered. Occurrence of PI(4)P on synaptic vesicles is implicit in the presence of a synaptic vesicle-associated PI(4) kinase (Wiedemann et al., 1998) . Similarly, a PI(4)P kinase (type II) has been described on secretory granule membranes (Barylko et al., 2001) . It was the presence of these activities that had prompted us to search for a type I PIP kinase, i.e., a PI(4)P 5-kinase, as an enzyme upstream of synaptojanin 1. This PI(4)P pool would be accessible to PIPKI␥ after docking or fusion of the synaptic vesicle with the plasma membrane. Alternatively, or in addition, since several PI 4-kinases have been characterized (To- 
